Cytotoxic T lymphocytes and their granule components, such as perforin and granzyme, play an important role in the defense of hepatic infections caused by different pathogens.
Introduction
The liver provides the first line of defence against bacteria and bacterial products, such as lipopolysaccharide (LPS), crossing the intestinal barrier and, thus, plays a pivotal role in the innate immune response. To successfully combat bacterial infection, a sufficient inflammatory response is a prerequisite. However, there is evidence that self-inflicted damage to the liver as a consequence of an overtly aggressive inflammatory response is the cause for inflammatory liver disease which may result in acute liver failure and fatal patient outcome.
Although mechanisms of LPS-induced liver injury are not completely understood, it is well known that hepatocytes are the major target cells in acute liver failure and that inflammatory cells, such as macrophages and neutrophils, dominate the manifestation of injury (4, 5, 27 ). These initial innate responses have been discovered to be dependent on intact adaptive immune cells, which are shown to temper the ongoing early response to infection and to function as negative regulators (14) . In line with this, it has been shown that
CD4
+ lymphocytes, which are recruited in postischemic livers, suppress the oxidative burst activity of recruited neutrophils (3) . At the same time, however, T-lymphocytes have been accused as key regulators in initiating postischemic inflammation in the liver, as tissue damage was dramatically reduced in T-cell deficient nu/nu mice (42) .
In general, T-cells can exert cytotoxicity via exocytosis of their cytotoxic granules (26, 37, 41) . The most important components of cytotoxic granules are the pore-forming protein perforin and the lymphocyte-specific granule serine esterase granzyme B (GrB) (24, 32, 33).
Perforin and granzymes induce target-cell apoptosis cooperatively. Granzymes trigger caspase activation directly by caspase processing and indirectly by upregulation of proapoptotic genes, while perforin supports the appropriate delivery of granzymes by inducing transmembrane pores (37) .
Previous studies with mouse strains deficient in one or more components of the granule-exocytosis pathway indicate that a concerted action of perforin and GrB is essential for the recovery from infections by pathogens, such as ectromelia virus (22) Further, it has been shown in adenoviral construct-induced liver infection with T-cell function that the perforin-pathway of lytic activity is not demonstrable in vivo, while Fas-or TNFR1-dependent death receptor pathways are most effective in hepatocyte lysis (1, 21) .
In the lethal model of inflammatory liver disease upon LPS exposure of D-Galsensitized mice, TNFα has repeatedly been demonstrated to predominantly mediate liver injury not only via its receptor TNFR1 (7), but also by concomitant activation of the Fas/FasL pathway (16) . In line with this, it has been noticed that hepatocytes might actively contribute to liver injury by elimination of Fas-sensitive target cells (16) . Apart from that, hepatocytes have been most recently shown to express biologically competent perforin capable of inducing death of contacted cells in vitro (8) . This prompted us to assess the relevance of the perforin/granzyme cell death pathway in D-Gal/LPS-induced liver pathology of perforin wild type (Pwt) and perforin knock out (Pko) mice. 
Material and Methods

Model
TNFα blockade in D-Gal/LPS-exposed Pwt and Pko mice.
In accordance to previous studies, describing a fundamental role of the TNFα pathway in mediating LPS-induced inflammatory liver disease (9, 16, 31, 38) , pre-treatment of mice with sTNFα-R before the D-Gal/LPS challenge caused an almost complete abrogation of hepatocellular apoptosis and necrosis as well as a decrease in transaminase levels, being in Pko mice as effective as in Pwt mice (table 2) .
Discussion
The present in vivo study indicates that the deletion of the perforin/granzyme cell death Perforin mRNA transcripts were still detectable in Pko mice, though far less in extent compared to Pwt mice. This is due to the fact that Pko mice were generated by insertion of a neo cassette into the perforin-encoding gene without deletion of the coding sequence. In consequence, the transcription is not suppressed from the perforin promoter up to the neo cassette in these mice (12) . Of interest, D-Gal/LPS exposure did not affect hepatic levels of perforin mRNA, which is in line with the data of others, studying the effect of TNFα on hepatocellular perforin mRNA expression (8).
There is major body of evidence that cytotoxic effector mechanisms in clearance of viral infections exhibit large differences between organs. While perforin-deficient mice show readily apparent delays in clearance of cytomegalovirus from spleen (36) and salivary gland (28), clearance of murine cytomegalovirus (36) and adenoviral infection (1, 21) from the liver seems to be perforin-independent. Moreover, among the various effector pathways, Fas/FasL-mediated cytotoxicity plays a more prominent role compared to TNF/TNFR1 signaling in clearance of hepatic viral infections (10, 11) . Distinct analysis of perforin-deficient T-lymphocytes confirmed that their efficacy to induce target cell apoptosis is reduced, however, not to that extent as plasma membrane lysis (15, 19) , indicating that other, perforinindependent mechanisms are operational which cause apoptosis. In line with this, DGal/LPS-exposed livers of both Pwt and Pko mice revealed no differences in the amount of 
